The long-term safety of naldemedine, a peripherally acting m-opioid receptor antagonist, was evaluated in patients with opioid-induced constipation and chronic noncancer pain in a 52-week, randomized, double-blind, phase 3 study. Eligible adults who could be on a routine laxative regimen were randomized 1:1 to receive once-daily oral naldemedine 0.2 mg (n 5 623) or placebo (n 5 623). The primary endpoint was summary measures of treatment-emergent adverse events (AEs). Additional endpoints included opioid withdrawal on the Clinical Opiate Withdrawal Scale and the Subjective Opiate Withdrawal Scale, pain intensity on Numeric Rating Scale, frequency of bowel movements, and constipation-related symptoms and quality of life on the Patient Assessment of Constipation Symptoms and Patient Assessment of Constipation Quality of Life scales, respectively. Treatment-emergent AEs (naldemedine, 68.4% vs placebo, 72.1%; difference: 23.6% [95% confidence interval: 28.7 to 1.5]) and treatment-emergent AEs leading to study discontinuation (6.3% vs 5.8%; difference: 0.5% [22.2 to 3.1)] were reported for similar proportions of patients. Diarrhea was reported more frequently with naldemedine (11.0%) vs placebo (5.3%; difference: 5.6% [2.6-8.6]). There were no meaningful differences between groups in opioid withdrawal or pain intensity. Sustained significant improvements in bowel movement frequency and overall constipation-related symptoms and quality of life were observed with naldemedine (P # 0.0001 vs placebo at all time points). Naldemedine was generally well tolerated for 52 weeks and did not interfere with opioid-mediated analgesia or precipitate opioid withdrawal. Naldemedine significantly increased bowel movement frequency, improved symptomatic burden of opioid-induced constipation, and increased patients' quality of life vs placebo.
Introduction
Long-term opioid therapy is a common component of chronic noncancer pain management. 4, 8 Use of opioid analgesics has been associated with the serious risks of abuse, addiction, and overdose, as well as the less serious but debilitating side effect of opioidinduced constipation (OIC). 3, 27 Approximately 40% to 60% of patients receiving opioids for chronic noncancer pain are affected by OIC, 12, 21 and its symptoms do not attenuate with duration of opioid therapy. 2, 25, 27, 30 One-third of patients with OIC report skipping, reducing, or stopping use of opioids-despite experiencing an increase in pain-in an effort to have a bowel movement. 2, 15 Opioidinduced constipation may also lead to complications such as obstipation, colonic distention, ileus, and bowel perforation. 10 Unsurprisingly, the quality of life of patients with OIC is significantly poorer than those unaffected by it. 2 Opioid-induced constipation is characterized by a reduction in bowel movement frequency, an increase in straining, a sensation of incomplete evacuation, and/or hard stool consistency after initiating opioid therapy. 6, 22 Opioids bind to peripheral m-opioid receptors in the submucosal and myenteric plexuses of the enteric nervous system within the gastrointestinal tract. This alters neural output from the enteric neurons, leading to impaired motility, decreased fluid secretion, and increased fluid absorption in the gastrointestinal tract. Together, these physiological changes manifest in OIC. 6 Management strategies such as laxatives and lifestyle modifications do not target the underlying mechanism of OIC and often do not provide adequate relief. 5, 13 In addition, the side effects introduced by laxatives further diminish the quality of life of these patients. 14 Peripherally acting m-opioid receptor antagonists (PAMORAs) are a class of drugs that target the mechanism underlying OIC without affecting the centrally mediated analgesic effects of opioids. 32 Peripherally acting m-opioid receptor antagonists bind
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to and markedly reduce opioid stimulation of peripheral m-opioid receptors in the gastrointestinal tract. Naldemedine (also known as S-297995) is a PAMORA approved as a once-daily oral drug for the relief of OIC in adult patients with cancer and those with chronic noncancer pain, including patients with chronic pain related to previous cancer, or its treatment which does not require frequent dosage escalation. 29 Naldemedine is an amide derivative of the opioid receptor antagonist naltrexone with an added side chain that increases its polarity and lowers its lipid solubility, reducing its ability to cross the blood-brain barrier. 29 Results of 2 identically designed, 12-week, placebo-controlled, double-blind, phase 3 trials conducted in patients with OIC and chronic noncancer pain (COMPOSE-1 and COMPOSE-2) demonstrated that once-daily oral naldemedine at a dose of 0.2 mg effectively treated OIC and was generally well tolerated. 16 There are limited published studies assessing the impacts of long-term use of PAMORAs in managing symptoms of OIC. Here, we report the long-term safety and tolerability of naldemedine 0.2 mg for OIC in patients with chronic noncancer pain who received a stable dose of opioids over the course of 1 year. Effects of longterm use of naldemedine on bowel movements, symptomatic burden of OIC, and quality of life are also described.
Methods

Study design
This was a randomized, double-blind, placebo-controlled, parallel-group, phase 3 clinical trial (COMPOSE-3) that evaluated the long-term safety and tolerability of once-daily oral naldemedine 0.2 mg for 52 weeks in patients with chronic noncancer pain, on a stable opioid therapy, and who could be on a routine laxative regimen but still had OIC (ClinicalTrials.gov, Clinical trial identifier NCT01965652). This study was performed at 195 sites in North America, Europe, Africa, and Asia-Pacific from September 24, 2013, to January 12, 2016. COMPOSE-3 was conducted in accordance with all local laws, the International Council for Harmonization and Good Clinical Practice guidelines, and the ethical principles outlined in the Declaration of Helsinki and was approved by each institutional review board (see Table, Supplemental digital content 1, which lists the names of the Institutional Review Boards; available online at http://links.lww. com/PAIN/A541). All patients provided written informed consent.
Patients and treatment
Eligible patients (aged 18-80 years) had chronic noncancer pain for $3 months, were receiving a stable daily dose of opioids ($30 mg oral morphine equivalents) for $1 month before screening, and had OIC. The diagnostic threshold for OIC was #4 total spontaneous bowel movements (defined as a bowel movement not induced by rescue laxatives) over the 14-consecutive-day qualifying period of the 28-day screening period and #3 spontaneous bowel movements in any given week of the qualifying period. Patients on a routine laxative regimen (defined as using an over-the-counter [OTC] laxative at least once per week) at screening were allowed to remain on the stable laxative regimen for the duration of the study. Patients were not required to be on a routine laxative regimen for study inclusion. All patients had access to rescue laxatives (rescue was defined as any laxative taken for the first time during the treatment period). Patients with any structural abnormalities or medical conditions that may have contributed to the symptoms of constipation (other than the opioid therapy itself) were excluded.
Eligible patients were randomized 1:1 to receive once-daily oral naldemedine (SYMPROIC; Shionogi Inc, Florham Park, NJ) 0.2 mg or placebo for 52 weeks. Patients were randomized with an automated interactive voice or web response system and stratified by their daily dose of opioids during the qualifying period (30-100 mg or .100 mg of oral morphine equivalents). During the study, the dose of opioids should have been kept stable; however, investigators were allowed to change the dose of opioids as needed to ensure adequate management of pain. Treatment assignments for study drug administration were concealed by the use of identical packaging, labeling, dosing instructions, appearance, taste, color, and odor. All patients, investigators, and study site personnel were blinded to treatment assignments until the end of the study.
Assessments
The primary endpoint was summary measures of treatmentemergent adverse events. These included incidences of treatment-emergent adverse events, serious treatmentemergent adverse events, and treatment-emergent adverse events leading to study discontinuation. Adverse events were collected and followed from the time of informed consent through 14 days after the last dose of study treatment. An adverse event was considered treatment emergent if it occurred after the first dose of study drug administration or at any time up to 14 days after the last dose of study drug. Treatment-emergent adverse events of opioid withdrawal were identified using the Medical Dictionary for Regulatory Activities (version 16.0) standardized query "drug withdrawal." A treatment-emergent adverse event was considered possible opioid-withdrawal syndrome if $3 events potentially related to opioid withdrawal occurred within the same day or the next day.
Opioid withdrawal was assessed using the 11-item Clinical Opiate Withdrawal Scale 36 and the 16-item Subjective Opiate Withdrawal Scale. 17 Site personnel evaluated level of opioid withdrawal on the Clinical Opiate Withdrawal Scale; scores were totaled to assess overall severity of withdrawal (5-12 5 mild; 13-24 5 moderate; 25-36 5 moderately severe; and .36 5 severe). A score $5 on the Clinical Opiate Withdrawal Scale was considered elevated and clinically significant. Patients assessed level of opioid withdrawal on the Subjective Opiate Withdrawal Scale; the rating scale for each question ranged from 0 to 4 (0 5 not at all; 1 5 a little; 2 5 moderate; 3 5 quite a bit; and 4 5 extreme). Lower scores in either scale indicate a lesser severity of opioid withdrawal. Pain intensity was assessed by patients using the 11-point Numeric Rating Scale with 0 indicating no pain and 10 representing the worse pain possible. The Clinical and Subjective Opiate Withdrawal Scales and the Numeric Rating Scale were administered on weeks 1, 2, 6, 12, 24, 36, 48, and 52. The Clinical Opiate Withdrawal Scale was also administered on day 1 at predose, and at 60, 90, and 120 minutes postdose.
Secondary efficacy endpoints included change from baseline in the frequency of bowel movements on weeks 12, 24, 36, and 52. Patients recorded their bowel movements for the week before each study visit in a "Bowel Habits" paper diary. Constipationrelated symptoms and quality of life were assessed using 2 questionnaires: Patient Assessment of Constipation Symptoms 28 and Patient Assessment of Constipation Quality of Life. 23 The overall score for Patient Assessment of Constipation Symptoms questionnaire comprised scores from 3 domains with multiple items: abdominal, rectal, and stool symptoms. The overall score for Patient Assessment of Constipation Quality of Life questionnaire comprised scores from 4 domains with multiple items: physical discomfort, psychosocial discomfort, satisfaction, and worries and concerns. In both measures, lower scores reflect more favorable self-assessments of symptoms or quality of life. The changes from baseline in overall scores for the Patient Assessment of Constipation Symptoms and Patient Assessment of Constipation Quality of Life questionnaires were assessed on weeks 2, 12, 24, 36, and 52.
Statistical analysis
A sample size of 1200 patients (600 per treatment arm) was planned to fully meet or exceed the International Council for Harmonization E1 guidelines: The Extent of Population Exposure to Assess Clinical Safety for Drugs Intended for Long-term Treatment of Non-Life-Threatening Conditions. 20 Safety assessments were conducted on the safety population, defined as all randomized patients who received $1 dose of the study drug. Efficacy assessments were conducted on the intent-to-treat population, defined as all randomized patients.
The significance level for statistical tests was set at 0.05 (2 sided). The mixed-effects model for repeated measures was used to analyze differences between treatment groups in the change from baseline in the frequency of bowel movements and overall scores for Patient Assessment of Constipation Symptoms and Patient Assessment of Constipation Quality of Life. The mixed-effects model for repeated measures included opioid dose strata as a covariate and group, time, and the timeby-treatment group interaction as fixed effects. Statistical analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC). 
Patients
Of 2414 patients screened, 1246 were randomized to receive naldemedine (n 5 623) or placebo (n 5 623; Fig. 1 ). Patient demographics and baseline characteristics were similar between treatment groups in the safety population ( Table 1) .
Although randomization was not stratified by baseline laxative use, similar proportions of patients in each treatment group were on a routine laxative regimen (naldemedine, 50.2%; placebo, 54.0%) or were not (naldemedine, 30.0%; placebo, 29.5%) during the study. The remaining patients (naldemedine, 19.8%; placebo, 16.5%) did not meet the criteria for being considered on, or not on, routine laxatives. At randomization, the mean duration of opioid therapy for patients in the naldemedine and placebo groups was 62.6 months and 57.0 months, respectively, and most patients were in the stratum of $30 to #100 mg total daily dose of opioid in both the naldemedine (60.9%) and the placebo (59.5%) groups. In each treatment group, 66.3% of patients completed the study (Fig. 1) .
Safety and tolerability
The proportions of patients who reported a treatment-emergent adverse event (primary endpoint) were similar between treatment groups (naldemedine, 68.4%; placebo, 72.1%; difference of proportion: 23.6%; 95% confidence interval: 28.7 to 1.5; Table 2 ). Diarrhea was the most common treatment-emergent adverse event in the naldemedine group (11.0%) and was reported more frequently compared with placebo (5.3%).
A greater proportion of patients treated with naldemedine (vs placebo) reported other gastrointestinal-related treatmentemergent adverse events, including abdominal pain (8.2% vs 3.1%) and vomiting (6.0% vs 3.1%). However, most events were mild to moderate in severity, and the number of patients who discontinued treatment because of a gastrointestinal-related treatment-emergent adverse event in either group was low (naldemedine, 3.7%; placebo, 1.6%). The proportions of patients who discontinued treatment due to any treatment-emergent adverse event were low and similar between groups (naldemedine, 6.3%; placebo, 5.8%). The incidences of treatment-related serious adverse events, serious treatment-emergent adverse events leading to study discontinuation, and major adverse Table 2 Overall measures of safety (safety population).
Proportion of patients, n (%) Naldemedine (n 5 621) Placebo (n 5 619) Difference of proportion (95% CI) cardiac events were also low (,2%) and similar between treatment groups. Similar proportions of patients in each treatment group reported treatment-emergent adverse events of opioid withdrawal (naldemedine, 1.8%; placebo, 1.1%). A greater incidence of treatment-emergent adverse events of possible opioid withdrawal was observed with naldemedine (2.4%) vs placebo (0.6%); however, all such events in the naldemedine group were defined by at least 1 term of gastrointestinal-related treatmentemergent adverse events. Mean overall scores on the Clinical Opiate Withdrawal Scale were similar between groups and remained relatively stable over the course of the 52-week treatment period (Fig. 2A) . Low and equal proportions of patients in both treatment groups (4.5%) had an elevated score on the Clinical Opiate Withdrawal Scale (naldemedine, n 5 28; placebo, n 5 28). There was a similar degree of decrease from baseline in the mean overall Subjective Opiate Withdrawal Scale scores in both groups (Fig. 2B) ; these decreases were small and the differences between treatment groups were not considered clinically meaningful. The mean Numeric Rating Scale scores for pain assessment were similar between treatment groups and were generally stable for the extent of the study (Fig. 3) . Similar proportions of patients in both treatment groups (36.6% and 36.3% in the naldemedine and placebo groups, respectively) had an increase of $2 on the Numeric Rating Scale at least once during the treatment period. In addition, throughout the course of the study, the dose of opioid analgesic remained generally unchanged relative to baseline values in both treatment groups (Fig. 4) .
A total of 8 deaths (naldemedine, n 5 4; placebo, n 5 4) occurred during this 52-week study (Table, Supplemental Digital Content 2, available online at http://links.lww.com/PAIN/A541); however, only 1 death in the naldemedine group and 3 deaths in the placebo group were considered treatment emergent. A death was not considered treatment emergent if the patient died .14 days after their last known dose. No deaths in either treatment group were considered to be related to the study drug by the investigator.
Efficacy
The intent-to-treat population comprised 621 and 620 patients in the naldemedine and placebo treatment groups, respectively. At baseline, mean (SD) bowel movements per week were 2.02 (0.95) and 2.02 (0.94), respectively. There was a significant and sustained increase from baseline in the frequency of bowel movements with naldemedine vs placebo throughout the 52-week treatment period (nominal P # 0.0001 at all assessments; Fig. 5 ). Among those on a routine laxative regimen, the proportion of patients requiring rescue laxatives (defined as any laxatives different from the regular regimen at screening or taken for the first time during the treatment period) was numerically lower with naldemedine vs placebo (8.0% vs 14.0%); a similar trend was observed for patients not on a routine laxative regimen (7.0% vs 13.1%). A significant and sustained decrease from baseline (improvement) with naldemedine vs placebo was observed in mean overall scores for Patient Assessment of Constipation Symptoms and Patient Assessment of Constipation Quality of Life questionnaires (both nominal P , 0.0001 at all assessments; Fig. 6 ).
Discussion
This is the first study to investigate the utility of a PAMORA over the course of 52 weeks in a randomized, placebo-controlled, and double-blind manner. In the United States and Europe, methylnaltrexone bromide 24, 31 and naloxegol 9, 33 are approved for treatment of OIC in patients with chronic noncancer pain. However, the 48-week and 52-week studies evaluating the safety and tolerability of methylnaltrexone bromide and naloxegol, respectively, were open-label and did not include a placebo group. 33, 35 Our results showed that once-daily oral naldemedine 0.2 mg compared with placebo was generally well tolerated for 52 weeks in patients concomitantly receiving long-term opioid therapy for chronic noncancer pain. Naldemedine treatment significantly increased the frequency of bowel movements and improved patient-reported outcome measures of constipationrelated symptoms and quality of life compared with placebo at every time point assessed over the 52-week treatment period. The lack of meaningful differences between treatment groups in assessments of symptoms of opioid withdrawal and pain intensity over time supports that naldemedine exerts its therapeutic benefits peripherally with limited potential for interference with the centrally mediated effects of opioid therapy. This is consistent with the preclinical data of naldemedine showing that exposure required to cause centrally mediated symptoms of opioid withdrawal and antianalgesic effects is at least 30 times that required for the anticonstipation effect (Kanemasa T, Koike K, Arai T, Horita N, Chiba H, Kihara T, Hasegawa M. Effects of naldemedine, a PAMORA, in rat models of OIC. Poster presented at: Annual Meeting of the American College of Gastroenterology; October 16-21, 2015; Honolulu, HI).
In this study, the long-term safety profile of naldemedine was similar to that of placebo, with the exception of a higher incidence of gastrointestinal-related treatment-emergent adverse events with naldemedine. This observation builds on the results of the previous phase 3 trials of naldemedine of shorter duration (ie, 12 weeks) 16 and is consistent with the mechanism of action of PAMORAs. Patients treated with naloxegol for 12 weeks or 52 weeks also reported a higher incidence of gastrointestinal-related treatment-emergent adverse events compared with, respectively, placebo or usual care. 9, 33 The most common treatment-emergent adverse events during 4 or 48 weeks of methylnaltrexone bromide treatment compared with, respectively, placebo or no comparator, were also gastrointestinal related. 24, 35 The antagonistic effects of naldemedine on peripheral m-opioid receptors in the gastrointestinal tract result in physiological changes that may facilitate the occurrence of diarrhea. 18 Despite the greater incidence of diarrhea, abdominal pain, nausea, and vomiting associated with naldemedine, gastrointestinal disorders led to only a few treatment discontinuations in this study. Moreover, study discontinuations owing to treatment-emergent adverse events were low and similar between treatment groups.
Among the main safety concerns of PAMORAs are the possible precipitation of opioid-withdrawal syndrome and the disruption of opioid analgesia. In this study, naldemedine treatment had no meaningful impact on assessments of opioid withdrawal or pain intensity; an observation that is consistent with results from shorterterm naldemedine studies. 16, 32 Furthermore, in this study, there were no treatment-emergent adverse events of possible opioid withdrawal in the naldemedine group that was defined solely by terms related to non-gastrointestinal disorders. These findings indicate that naldemedine has negligible effects on the central nervous system and limited potential for interference with opioid-mediated analgesia. Another safety concern with long-term use of PAMORAs is the potential increased risk of cardiovascular events. 19 In the current long-term study, the incidence of major adverse cardiac events in the naldemedine group was low and similar to that in placebo.
The efficacy of naldemedine, as measured by change in the frequency of bowel movements, was durable and did not attenuate even after consistent treatment for 52 weeks. Naldemedine was associated with a numerically lower need for rescue laxatives compared with placebo, regardless of whether patients were on a routine laxative regimen. In the 12-week phase 3 trials in which patients were not allowed to use laxatives, an increase in frequency of bowel movements occurred after 1 week of naldemedine treatment and lasted throughout the course of the studies with little attenuation. 7 The efficacy of naldemedine is further supported by corresponding improvements in patient-reported outcomes of constipationrelated symptoms and quality of life. Opioid-induced constipation and its associated symptoms have been shown to have a significant negative impact on quality of life 11 ; however, few studies have reported the long-term effect of treatment on this key component of treatment success. 34 The strengths of this long-term study include the placebocontrolled, double-blind trial design and the large number of patients. Limitations of the study are that during its conduct over 52 weeks, assessments were performed only at specific time points and data regarding the opioid dose were captured as the dose prescribed, not as the actual patient daily intake. The latter could have been a useful measure because symptoms of OIC are opioid dose dependent. 14 The above limitations were primarily attributable to logistic challenges associated with long-term studies.
In this study, an increase in the frequency of bowel movements from baseline and a reduction in the PAC-SYM or QOL scores were observed in the placebo group. One might interpret such placebo effects as an improvement of the symptom of OIC. However, it is important to note that the extent of such improvements was significantly larger for naldemedine compared with placebo at each time point measured, illustrating the importance of performing placebo-controlled clinical studies to demonstrate a true effect of an investigational treatment. Furthermore, the improvement from baseline in the placebo group cannot be attributed to OTC laxatives because patients in both groups were required to maintain a stable routine laxative regimen throughout the study. Although OTC laxatives might be an option for the treatment of OIC, our efficacy data suggest that naldemedine may be more effective than OTC laxatives for the treatment of OIC; however, future studies are warranted to confirm this hypothesis.
Conclusions
In patients with chronic noncancer pain and OIC, naldemedine 0.2 mg was shown to be generally well tolerated, with consecutive daily treatment for 52 weeks compared with placebo. Long-term naldemedine treatment elicited significant and durable improvements in the frequency of bowel movements, constipation-related symptoms, and patient quality of life. The findings of this study may provide reassurance to patients and physicians considering extended use of naldemedine in the management of OIC. In a recent consensus recommendation, it was noted that prophylactic and first-line OTC laxatives might not consistently and predictably lead to desired treatment responses in patients with OIC. 1 Another recently published clinical guideline also recommended considering an opioid antagonist alongside OTC laxative or opioid switching in the treatment decision for OIC. 26 Therefore, this study supports the addition of naldemedine to a patient's laxative regimen should patients still experience OIC after self-treating with OTC laxatives. 
